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The VBS Processes at LHC

Phys. Rev. D 55, 71651 Published 1 June 1997
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.7165

The VB3Jnitarity Violation Issue

SM VV scattering processes with SM VV scattering processes w/o a Higgs boson
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y Close connection with Higgs physics

sy The VBS cross sections will go diverge without Higgs or other similar underlying new unitarization
mechanisms
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http://iopscience.iop.org/article/10.1088/1126-6708/2008/11/010

Experimental Signatures of VBS

g Two intermediate vector bosons radiated from two incoming quarks

g Final state withtwo vector boson9lus two outgoing jets

sy I n general, two o0t aglarggraoidity sepamatiofandiarga invdriant magd o n
g Suffer frompile-up (PU)ets, especially in the forward region when go to HL/HE

y  EW VBS has relatively smaller crossctions,

suffer fromirreducible QCD VV + 2jetsvents Candidate VBS event from ssWW
a Phys. Rev. Lett. 113, 141803

prptjj Candidate Event

¢ A HELHC project with extended m=2m0Gey 1oy
detector Gcoverage will be crucial and idec¢
general VBS measurements, as of signal

sensitivity and background rejection, etc.

\ATLAS

_i EXPERIMENT

n Number: 207490, Event Number: 3315213
Date: 2012-07-26 04:16:35 UTC
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

Where Are theMultiBoson Processes

Standard Model Production Cross Section Measurements Status: March 2018
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Theory
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Current VBS Measurements at the LHC

ATLAS measurements

CMS measurements
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Statistic limited in the VV + 2jets measurements
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

Looking Forward for More Luminosity

g Differential cross section measurements instead of an
overall significance

y Longitudinal VV scattering part

y Try to include semieptonic channels as well
y Much improvedlimit on aQGCs

g €
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Expected VBMeasurementswith 3000 fb1 @14TeV

Studies with HL-LHC on VBF/VBS processes
This talk will focus on VBS part

VBF Higgs SMdibosonVBS

VBF H(125) to WW SSWW
VBF H(125)to ZZto 4  VBS ZZ to 4l
VBF H(125) tod 6 VBS WZ toQi

VBF H(125) tdDDZ
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More luminosity and higher energy gives

the possibility to

V Precision measurements of electroweak
scattering processes

V Probe to new physics through
anomalous vector boson couplings or
any deviations from SM prediction

V One disadvantage we have to suffer is
the higher pileup, especially pileup jets
in forward region



The @)QGCsn VV Final States

Michael Rauch, arxiv:1610.08420
g Effective operators approach 0. J. P. Eboli, M. C. Gonzalez-Garcia, arXiv:1604.03555
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y Three types of dimensiof operators S .
» Scalar: S0, S1, S2 wwzz X X X X X
» Tensor: TOO T9 zzzz . x X X XXX
. WW Z~ X X X X
» Mixed: M0d M7 — « % x x
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https://arxiv.org/abs/1610.08420
https://arxiv.org/abs/1604.03555

General Signatures fromaQGCs

. . . > e o rrrrrrrrT ]
y Enhanced cross sections in the high & | amas , o e
energy/mass tail region g e A W QCD -
L%’ - aQGC Region -W(e;v)fjets i
y Usually powerful observables 107 a7 Tove, RS S
» Mass, pT, mT, etc. depending on final states .| L ST
» In most cases we are looking at the highest fe : T .
bins A Higher luminosity and higher energy wi  10°g ||
200 300 400 500 600
help a lot | " [GeV]
» WIll benefit from a more accurate higlorder JHEP 07 (2017) 107

calculation as well in the tall region
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https://link.springer.com/article/10.1007/JHEP07(2017)107

Current Samesign WW Scattering @13eV

Phys. Rev. Lett. 120, 081801 7 Published 22 February 2018

General event selections
V Two isolated same-sign leptons

V' Profile likelihood ratio test statistic based on 2D (m;, m;) V Two jets with high mass and large d
distributions separation
V Observed (expected) significance of 5.5 (5.7) U V Centrality cuts
One of the VBS channels with best S/B ~50% of prompt backgrounds come from WZ
process
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801

